ABSTRACT Single cell protein (SCP) intended for animal feed purposes was produced in a pilot plant. The SCP consisted of Methylomonas methanolica, a pseudomonas species which is an obligate methanol user. The SCP was cultured in fermenters and later dewatered and dried in a spray-drier. Seven of eight research workers had febrile reactions 6-12 hours after exposure to SCP dust. All workers had high titres of IgG and IgM antibodies against the pseudomonas species as measured with indirect ELISA and passive haemagglutination techniques. The mechanism behind the febrile reaction is judged to be a non-immunological reaction caused by endotoxins. By increasing the particle size of the SCP through using different drying procedures, a product which generated less dust was obtained. Later, a more efficient dewatering method was developed, using a flocculation/flotation procedure. Finally, the product was dried in a conventional spray drier with a rotating atomiser and then bagged.9 Atomisation of the wet material by the rotating sprayer produced a very dusty product, especially when, initially, the cells were not flocculated before drying. Later still, the conventional spray drier with the rotating atomiser was exchanged, and a drying tower with stationary nozzles was tested for drying the flocculated suspension. The microorganism, being methanol dependent, is not considered pathogenic to man and no personal safety equipment was initially used by the workers.
Different means by which to guarantee the global supply and distribution of available sources of proteins were discussed in the 1960s.' At that time there were doubts of the ability of agriculture and the fishing industry to supply the increasing need for protein feed supplements. An exploitation of microorganisms was considered as one possibility to cover the protein shortage.2 Many microorganisms have a high protein content and may be produced in large quantities by industrial fermentation from simple raw materials with a low or no nutritional value. A new technology was developed that exploited fungi, yeasts, and bacteria to produce so-called single cell protein (SCP) with a high nutritional value from inorganic nutrients and simple organic chemicals, such as hydrocarbons, alcohols, or carbohydrates.34 During the past 20 years several SCP processes have been developed, and in the 1970s pilot and full-scale plants were built.! 6 We describe an occupational hazard associated with the production of SCP intended for animal feed purposes and discuss some aspects on solving the problem of SCP inhalation.
Production procedure and description of the disease An obligate methylotrophic bacterium, a pseudomonas species (Methylomonas methanolica), was used as the production strain.78 In a pilot plant the organism was cultured under aerobic conditions in a substrate containing methanol and nutrient salts. After fermentation the culture was initially concentrated in a continuously operating separator. Later, a more efficient dewatering method was developed, using a flocculation/flotation procedure. Finally, the product was dried in a conventional spray drier with a rotating atomiser and then bagged.9 Atomisation of the wet material by the rotating sprayer produced a very dusty product, especially when, initially, the cells were not flocculated before drying. Later still, the conventional spray drier with the rotating atomiser was exchanged, and a drying tower with stationary nozzles was tested for drying the flocculated suspension. The microorganism, being methanol dependent, is not considered pathogenic to man and no personal safety equipment was initially used by the workers.
Eight people were engaged in the pilot plant. A short time after the start-up of the spray-drying and bagging procedures, the first symptoms occurred in the exposed group, and during the following months seven of the workers fell ill oti one or more occasions. Six to twelve hours after exposure to SCP dust they had attacks of an influenza-like illness with shivering, fever, tightness of the chest, and, in some cases, dry coughing and muscle pains. Usually 
Subjects and methods
The health problems among the workers were observed during the initial stage of the development, before the dewatering methods were changed, and at this stage the level of air-borne dust was measured in the plant by stationary pumps placed at the work sites and mobile pumps worn by the workers. The pumps were connected to Millipore filters on which the dust was collected. The stationary equipment was placed close to the working zones, and the filters of the mobile equipment were placed on the shoulder, 10-15 cm from the nose of the worker. The filters were weighed after drying before and after the dust collection.
The particle size distribution of the dried product was measured on a Retsch sieve DIN 1171 before and after the change of the dewatering technique.
For the preparation of antigen, fresh cells of Methylomonas methanolica were suspended in distilled water and disintegrated by stirring for 15 minutes at 5000 rpm in the presence of 0.5 mm glass beads. The supernatant obtained after centrifugation for 20 minutes at 6000 g was used as the antigen in the immunological tests.
Class specific circulating antibodies against the antigen were determined by an indirect ELISA technique.10 The test was performed essentially as described by Wasserman et al."I Polystyrene microtitre plates were coated with the antigen by incubation at a concentration of 20 ,g protein/ml in a 0-05M sodium carbonate buffer, pH 9-6 for a minimum of 24 hours at 4°C. After washing the plates, serum samples diluted in the ratio of 1:1000 for IgM and 1:10 000 for IgG determination were 213 added to the wells. The presence of antibodies against the organism used for the production of SCP was also determined by the passive haemagglutination technique.'2 The concentration of the antigen used for coating the cells was 100 gg/ml. Two-fold dilution was used and the haemagglutination titres were expressed as reciprocals of the dilutions.
Results

DUST MEASUREMENTS
As shown in table 1, the dust levels were low when the process was not running. The main part of the dust emerging from the process presumably consisted of SCP. When the fermentation and drying processes were running, the dust level in the process hall was still low. In the spray drier and the silo rooms, however, the dust levels were considerably higher, especially when the product was packed into bags. Table 2 shows particle size distribution of the product before and after the change of the dewatering technique. Initially, a significant fraction of the air-borne SCP dust was respirable. The particle size increased as soon as the flocculation/flotation procedure was introduced, and when the drying tower with stationary nozzles was used the size was further increased.
MEDICAL EXAMINATION
Only one person had a history of earlier allergic disease (allergic rhinitis). All those examined were asymptomatic at the time of examination. Pulmonary radiographs were normal throughout. Before the workers were examined at the hospital, respirators had been used for some time, and no serious reactions had occurred during the weeks The observation that respirators prevented the acute reactions indicates that they were elicited by dust exposure. The aetiology could hardly be infectious because the microorganism is methanol Table 3 Antibodies against water soluble extract of M methanolica in sera from exposed people at first examination (specimen 1) and about two to three months later (specimen 2) >1024   -3  3  2500  3700  879  8000  >1024  >1024  4  2-3  25  342  95  115  <8  <8  5  2  346  332  539  4000  256  >1024  6  1-2  205  364  422  17  <8  256  7  1   1025  3800  162  12000  >1024  >1024  8   -160  170  278  400  <8 -dependent and cannot be considered as pathogenic to man. Theoretically, however, the pathogenic mechanism could be of an immunological or nonimmunological type. Type III immune reactions"4 can occur after repeated exposure to inhaled antigens. The antibodies responsible for these reactions belong to the IgG and IgM classes. Type III-reactions typically occur several hours after exposure to the specific antigen, and are connected with complement activation along the "classical pathway." This is the mechanism behind extrinsic allergic alveolitis, for example.
The patients described here had raised titres of circulating antibodies against a water extract of the microorganisms. This does not necessarily indicate, however, that the acute symptoms were due to antigen-antibody reactions, because exposure to airborne organic dust often results in raised titres of antibodies against dust components even though no symptoms are elicited. This was also observed in one of our patients.
Certain microorganisms, especially Gramnegative bacteria, produce pyrogenic endotoxins, and endotoxin fever has also been described in occupational settings-for example, sewage purification plants'5 and greenhouses.'6 Inhalation of endotoxins is considered to result in activation of complement along the "alternate pathway," when C3 and later acting components of the complement system are consumed, while the early acting complement components, including C4 , are not affected.'7
The following observations support the theory of endotoxin fever as the aetiological mechanism. Allergic reactions-usually occur only in a low percentage of exposed people, but here, seven of the eight workers fell ill on one or more occasions. The observation that C4 did not change after an attack combined with the indication of C3 consumption might also suggest activation along the "alternate pathway," as in reactions caused by endotoxins. Two subjects developed rhinitis and conjunctivitis at their first known exposure to the SCP.
Irrespective of the pathogenic mechanism, how-'ever, it must be considered important to keep airborne dust levels under strict control in the SCP plants. The airborne dust content in the spray drier room was only about 1-4 mg/m3 when the drier was in operation, indicating the high aggressiveness of the dust. Experiences from the use of subtilisin, a protease-active protein, in the detergent industry indicate that granulation of the protein powder could effectively decrease the health risks for exposed workers because the protein could be handled as granules with minimal dust generation.'8 In the fermentation plant the technique for drying was 215 changed. A more efficient dewatering method was developed, using a flocculation/flotation procedure, and later the conventional spray drier with the rotating atomiser was exchanged and a drying tower with stationary nozzles was used for drying the flocculated suspension. This resulted in a dried end product mainly containing large, non-respirable particles. In this way the risk connected to handling the final product is reduced. This must be considered important, since SCP is used as a protein supplement in animal breeding and, consequently, is handled in many occupational settings where dust control is inadequate. 
